Medulloblastoma (MB) is one of the most common pediatrics malignant tumors of the central nervous system. Studies in America and Europe have demonstrated significant differences in the prognostic value of medulloblastoma extent among molecular subgroups of medulloblastoma. However, studies focusing on the Chinese population are still lacking. A total of 113 patients with medulloblastoma who underwent surgical resection in Huashan Hospital between January 2002 and December 2013 were included in this study. Histological diagnoses were confirmed by 2 or more pathologists.
Immunohistochemistry and CTNNB1 exon 3 mutation analysis were used to determine the different subgroups. Complete or incomplete resection was defined based on surgeons' reports and confirmed by postoperative computer tomography (CT). In this study, we included 113 patients with medulloblastoma (13 with WNT subgroup, 18 with SHH subgroup, and 82 with non-SHH/WNT subgroups) to assess their event-free and overall survival. We identified event-free survival and overall survival benefit for complete resection over incomplete resection. We found that for patients with NON-SHH/WNT medulloblastoma, incomplete resection was significantly associated with progression and overall survival compared with complete resection. To our best knowledge, the present study is the first to demonstrate the prognostic value of tumor extent of resection among the molecular subgroups of 113 medulloblastoma in the Chinese population.
The prognostic benefit of the increased extent of resection for patients with medulloblastoma is attenuated after the molecular subgroups are taken into account. We still need further study to assess the benefit of surgical resection of small residual portions.
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Introduction
Medulloblastoma is a kind of malignant brain tumor with poor prognosis [1] [2] [3] [4] [5] . Recent progress in the genomic characterization of medulloblastoma has shown that medulloblastoma is a heterogeneous disease comprised of 4 molecular subgroups: sonic hedgehog (SHH), wingless (WNT), Group 3, and Group 4 [4] [5] [6] [7] [8] [9] . Signaling pathways or biological programs driving the pathogenesis of Group 3 and Group 4 subgroups have remained largely elusive [10] . Moreover, studies have demonstrated that these two subgroups overlap in both molecular profiling and clinical features [10] [11] [12] [13] , and Group 3 and Group 4 subgroups together are called Non-SHH/WNT subgroup [14] . There is a controversy in the neurosurgical community that complete resection is prognostically superior to an incomplete resection. Some studies show that there is no prognostic difference between gross total resection and neartotal resection [15] . This is the first large-scale study to investigate the prognostic value of the extent of resection in a subgroup-specific manner in patients from the Chinese population.
Methods

Patient characteristics
Surgical resections took place from January 2002 to December 2013 at the Huashan Hospital (Single centre). Patients were excluded for study inclusion if they had incomplete data about molecular subgroup, extent of resection, EFS, or OS. Specimens of 113 patients with medulloblastoma were stored in accordance with the Ethics Review of Huashan Hospital. Medulloblastomas were diagnosed by two or more pathologists. Complete or incomplete resection was defined based on surgeons' reports and confirmed by postoperative cranial computer tomography (CT). The primary analysis outcome was the effect of extent of resection by molecular subgroup on overall and event-free survival. This study was approved by the Ethics Committee of Huashan Hospital, Fudan University.
Molecular subgroup determination
Formalin-fixed paraffin embedded (FFPE) tissues from the primary tumor resection were available in all 113 cases. Hematoxylin and eosin (H&E)-stained sections were reviewed by three senior pathologists (YW, HKN, and JX) and tumors were classified according to the 2016 WHO classification of tumors of the central nervous system [16] . We identified Group3 and Group4 subgroups as NON-SHH/WNT subgroups.
According to a study of medulloblastoma from Fattet et al. [17] , the subgroups can be identified by immunohistochemistry. Paraffin sections of 4 μm thickness were examined for immunoreactivity by four antibodies, namely β-catenin (Dako #M3539; 1:30), GAB1 (Abcam #ab27439; 1:100), YAP1 (Santa Cruz #sc-101199; 1:100), and Filamin A (Fitzgerald #10R-F113A; 1:400). Tissue slides were dewaxed by xylene and rehydrated in a series of descending grades of alcohol. Antigen retrieval was then done by procedures listed in Table 1 . Subsequent steps of CTNNB1 and Filamin A immunostainings were performed on automated Ventana Benchmark XT immunostainer (Ventana Medical Systems, Tucson, AZ, USA). Immunostaining of GAB1 and YAP1 was carried out on Leica BOND-MAX immunostainer (Leica Microsystems Inc., Buffalo Grove, IL, USA). In brief, slides were incubated with the primary antibodies at the temperature and duration listed in Table 1 . Endogenous peroxidase activity was blocked by incubation with OptiView Peroxidase Inhibitor for 5 min at room temperature. OptiView HQ Universal Linker was used as the secondary antibody. Signals were detected by 3,3'-diaminobenzidine tetrahydrochloride (DAB) and counterstained with Mayer's hematoxylin. Positive immunoreactivity was considered according to the criteria stated in studies by Ellison et al. and Min et al. [17, 18] . Sequencing was used to confirm the mutation exon 3 of CTNNB1 in FFPE slides. Paraffin sections containing >80% tumor content were dewaxed, washed with ethanol, dried, and scrapped off into microcentrifuge tubes [19] . The tissues were then treated with proteinase K in 10 mM Tris-HCl buffer (pH 8.5) at 55 °C for 30 min followed by 98 °C for 10 min. The crude cell lysate was centrifuged and the supernatant was taken. PCR amplification was performed in a 20 μL volume containing 1 μL cell lysate, 1 μL of 10 μM forward and reverse primers, and 1 x KAPA2G Robust HotStart ReadyMix (Kapa Biosystems, Wilmington, MA, USA). Amplification was conducted under the conditions of 95 °C for 4 min, followed by 40 cycles of 95 °C for 15 s, 64 °C for 15 s, and 72 °C for 15 s in a PCR machine. PCR products were confirmed by gel electrophoresis and purified by MEGAquickspin TM Total fragment DNA purification kit (iNtRON Biotechnology, Kyungki-Do, Korea). Purified products were sequenced using BigDye Terminator v1.1 Cycle Sequencing Kit with ABI 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
Molecular subgroup determination: immunoreactivity patterns for SHH, WNT, and Non-SHH/WNT subgroups are listed in Table 2 . We combined the results of β-catenin immunohistochemistry (IHC) and CTNNB1 exon 3 mutation analysis for determination of WNT medulloblastoma. 
Statistical analysis
Statistical analysis was performed using software IBM SPSS Statistics 19 (IBM Corp., Armonk, NY, USA). Continuous variables between the groups were compared using non-parametric Kruskal-Wallis test.
Kaplan-meier survival curve shows event-free survival and overall survival by extent of resection and molecular subgroup. Statistical significance was defined as P < 0.05.
Results
Histological and molecular subgroups of the study
IHC was performed in all 113 cases. CTNNB1 exon 3 mutation analysis was performed in 101 cases (12 cases were unavailable for sequencing). By combining the results of the IHC staining (Figure 1) and CTNNB1 exon 3 mutation data (Figure 2) , 18 (16%), 13 (11%), and 82 (73%) of tumors were assigned to SHH, WNT, and Non-SHH/WNT subgroups, respectively [17] ( Table 3 ).
Prognostic value of medulloblastoma extent of resection after accounting for the molecular subgroups
In this study, 81 patients had complete resection (10 patients with WNT tumors, 19 with SHH, 62 with NON-SHH/WNT) and 32 cases had incomplete For patients with WNT tumors, incomplete and complete resections were not significantly associated with risk of progression (P = 0.546) and overall survival (P = 0.752). After analysis of patients with SHH tumors, incomplete and complete resections were not significantly associated with risk of progression (P = 0.546) and overall survival (P = 0.566). Incomplete resection was significantly associated with progression for patients with NON-SHH/WNT tumors compared with complete resection (OS: P = 0.048; EFS: P = 0.044) (Figure 3) . Therefore, we believe that for the SHH and WNT subgroups of medulloblastoma, the degree of surgical resection does not affect the overall survival and event-free survival of patients, and the impact on the prognosis is limited. For NON-SHH\WNT subgroup of medulloblastoma, the degree of surgical resection has significant effect on the overall survival and event-free survival. We believe that the prognostic benefit of increased extent of resection for patients with medulloblastoma is attenuated after molecular subgroup affiliation is taken into account.
Discussion
In our study, 27 patients were adults, 86 were children, and there were no infants. Because of a lack of infant patients with medulloblastoma, we did not do further study on the effect of age on the molecular groups of patients with medulloblastoma. The rapid progress in the high-throughput genomic analysis technique has increased our knowledge of the molecular mechanism of medulloblastoma. Through the analysis of global gene expression and copy human profiling, medulloblastoma is no longer considered as a single disease. Rather, medulloblastoma refers to heterogeneous diseases comprised at least of four molecular subgroups, which differ by gene expression patterns and abnormalities. Different subgroups have different treatment strategies; for example, the WNT subgroup has the best prognosis after standard surgical removal, postoperative radiotherapy, and chemotherapy. Reports of complete and incomplete resections of medulloblastoma from the Europe [15] demonstrated the different prognosis among the molecular subgroups. Here, we reported a large case series of medulloblastoma based on the Chinese population and investigated the prognostic value for tumor extent of resection among the molecular subgroups. Some studies [19] classified medulloblastoma into three molecular subgroups (SHH, WNT, Non-SHH/WNT), instead of four subgroups (SHH, WNT, Group 3, and Group 4). There are two main reasons for the adoption of three subgroups: one is that Group 3 and Group 4 medulloblastoma were much less well defined and both showed neuronal/photoreceptor differentiation, and their clinical features were largely similar according to previous studies [10] [11] [12] [18] [19] [20] [21] [22] . Another reason is the lack of reliable, rapid techniques to differentiate Group 3 and Group 4 [18] . Transcriptome profiling analysis remains as the gold standard in molecular subgrouping [21] . Although IHC is a method that can be applied for molecular classification, it is limited by the absence of reliable IHC markers to differentiate Group 3 and Group 4. For instance, IHC positivity for NPR3 and KCNA1 were suggested as the markers for Group 3 and Group 4 medulloblastoma [11] , but it was then demonstrated that the specificity and sensitivity of NPR3 and KCNA1 IHC was too low to be used in clinical practice [18, 23] . Thus, in this study, we employed both immunohistochemical analysis of GAB1, YAP1, and Filamin A and sequencing analysis for CTNNB1 mutation to assign the molecular subgroups to 113 medulloblastoma. These antibodies are known to identify the WNT, SHH, and Non-SHH/ WNT subgroups [14] , and CTNNB1 mutation analysis is applied to avoid false, positive IHC result [23] . In conclusion, our method has many advantages: fast, low cost, and applicable for classifying the subgroups of medulloblastoma.
Thompson et al. [15] found no significant survival benefit existed for greater extent of resection for patients with WNT and SHH tumors. This is consistent with our findings. According to their study, for patients with group 4 tumors, complete resection conferred a benefit to event-free survival compared with incomplete resection, but with no effect on overall survival. The present study showed that incomplete resection was significantly associated with the progression for patients with NON-SHH/WNT tumors compared with complete resection (OS: P = 0.048; EFS: P = 0.044). A study in Canada [15] identified an event-free survival benefit for complete resection over incomplete resection but no overall survival benefit. The present study found that greater extent of resection (OS: P = 0.038, EFS: P = 0.030) offered event-free survival and overall survival benefit to patients with medulloblastoma. This may be due to our smaller sample size compared with other studies. For patients from the WNT and SHH subgroups, surgical resection of small residual portions is not recommended when the likelihood of postoperative complications is high because there is no definitive benefit to complete resection compared with incomplete resection. For patients in the NON-SHH/WNT subgroup, a secondlook surgery may seem beneficial for survival, but after taking surgical morbidity into account, we remain cautious as to the volume of surgical resection of small residual portions.
In conclusion, the present study is the first to our best knowledge to demonstrate the prognostic value of tumor extent of resection among the molecular subgroups of 113 medulloblastoma diagnosed in China. We consistently found the value of tumor extent of resection among molecular subgroups of Chinese patients with medulloblastoma, and such differences were also reported in American and European studies. The prognostic benefit of increased extent of resection for patients with medulloblastoma is attenuated after the molecular subgroups are taken into consideration. We need further studies to assess the benefit of surgical resection of small residual portions. We believe our first research data on Chinese patients could further enhance the understanding of medulloblastoma. We hope that all newly diagnosed medulloblastoma patients in China should be evaluated for molecular subgroups, and tailor-made treatment should be given based on the molecular classification.
